Regioselective nitration of tryptophan by a complex between bacterial nitric-oxide synthase and tryptophanyl-tRNA synthetase.
Bacterial nitric-oxide synthase proteins (NOSs) from certain Streptomyces strains have been shown to participate in biosynthetic nitration of tryptophanyl moieties in vivo (Kers, J. A., Wach, M. J., Krasnoff, S. B., Cameron, K. D., Widom, J., Bukhaid, R. A., Gibson, D. M., and Crane, B. R., and Loria, R. (2004) Nature 429, 79-82). We report that the complex between Deinococcus radiodurans NOS (deiNOS) and an unusual tryptophanyl-tRNA synthetase (TrpRS II) catalyzes the regioselective nitration of tryptophan (Trp) at the 4-position. Unlike non-enzymatic Trp nitration, and similar reactions catalyzed by globins and peroxidases, deiNOS only produces the otherwise unfavorable 4-nitro-Trp isomer. Although deiNOS alone will catalyze 4-nitro-Trp production, yields are significantly enhanced by TrpRS II and ATP. 4-Nitro-Trp formation exhibits saturation behavior with Trp (but not tyrosine) and is completely inhibited by the addition of the mammalian NOS cofactor (6R)-5,6,7,8-tetrahydro-l-biopterin (H(4)B). Trp stimulates deiNOS oxidation of substrate l-arginine (Arg) to the same degree as H(4)B. These observations are consistent with a mechanism where Trp or a derivative thereof binds in the NOS pterin site, participates in Arg oxidation, and becomes nitrated at the 4-position.